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WILMERHALE

William T. Lake

+1 202 663 6725 (t)

+1 202 663 6363 (f)

william.lake@wilmerhale.com

February 7, 2007

Ms. Marlene H. Dortch
Secretary
Federal Communications Commission
445 12th Street, S.W.
Washington, D.C. 20554

Re: Review ofthe Spectrum Sharing Plan among Non-Geostationary Orbit
Mobile Satellite Service Systems in the 1.6/2.4 GHz Bands, IB Docket
No. 02-364

Dear Ms. Dortch:

Globalstar, Inc. ("Globalstar") submits this response to the recent ex parte submission by
Iridium in the above-referenced proceeding. II Globalstar's engineers are reviewing the technical
feasibility of Iridium's "Draft Coordination Agreement." In the meantime, Globalstar is writing
to reiterate its disagreement with the premise of Iridium's proposal - that Globalstar and
Iridium can "share" the spectrum between 1618.25-1621.35 MHz without causing unacceptable
interference to each other's systems.

As the Commission is aware, it is Globalstar - not Iridium - that originally submitted a
proposed coordination agreement to govern the use of the portion of the L-Band in which both
Globalstar and Iridium are licensed to operate.21 However, unlike Iridium's proposal,

See Iridium Ex Parte filing of Jan. 22, 2007, attaching Iridium's "Draft Coordination
Agreement."

See Globalstar Ex Parte filing of Sept. 21, 2006, attaching proposed "Coordination
Principles." See also Joint Reply Comments ofL/Q Licensee, Inc., Globalstar, L.P., and
Globalstar USA, L.L.C. filed in IB Docket No. 02-364 (July 25,2003) at 35-37. ("Globalstar is
ready to work on a common [band plan] proposal, and has communicated to Iridium its
willingness to discuss a proposal"). Under Globalstar's proposed Coordination Principles,
Globalstar and Iridium would be required to coordinate regularly on the basis of, among other
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Globalstar's proposal takes into account the bedrock fact that Globalstar's CDMA system and
Iridium's TDMA system cannot, as a technical matter, share the same spectrum in the same
location without causing harmful interference to one another. Rather, Globalstar's proposal
recognizes that, in order to avoid harmful interference, Globalstar and Iridium would have to
coordinate the use of the spectrum on a channel-by-channel basis, since the two carriers simply
cannot operate co-frequency, co-coverage - as two systems using CDMA technology could.31

Although Iridium invites the Commission to conclude otherwise, Globalstar's unrebutted
technical submissions in this proceeding make clear the inability of CDMA and TDMA MSS
systems to share spectrum co-frequency, co-coverage.41 Globalstar is not alone in recognizing
this point: European regulators recently concluded (despite Iridium's efforts to convince them
otherwise) that it is a basic technical fact that CDMA and TDMA systems cannot share the same
spectrum without causing harmful interference to each other. 51 Iridium has never made any

things, "each satellite system's actual usage and realistic projections offuture usage."
Globalstar Ex Parte filing of Sept. 21, 2006 at 5-6 (emphasis added). Although Iridium has
never responded to Globalstar's proposals, Globalstar suspects that Iridium's silence in that
regard reflects its continued inability to submit any evidence for the record to demonstrate that it
is fully using in the United States even its exclusive spectrum between 1621.35 - 1626.5, let
alone the spectrum it and Globalstar are both licensed to use between 1618.25-1621.35 MHz.

31 Globalstar Ex Parte filing of Sept. 21, 2006 at 1-2, n. 3.

41

51

See, e.g., Petition for Reconsideration of Globalstar LLC in IB Docket Nos. 02-364 and
00-258 (filed Sept. 8,2004) at 5-6 and Technical Appendix at section 2.' Indeed, as Globalstar
demonstrated, during and in the immediate aftermath of Hurricanes Katrina and Rita when
Iridium was authorized to use the spectrum between 1616-1618.25 on a secondary basis pursuant
to a grant of special temporary authority, Globalstar experienced harmful interference from
Iridium's operations. See, e.g., Letter from William T. Lake to Marlene H. Dortch, Oct. 17,
2005; Letter from William F. Adler to Robert G. Nelson, Oct. 21. 2005; Letter from William F.
Adler to Robert G. Nelson, Oct. 28, 2005.

See Electronic Communications Committee within the European Conference of Postal
and Telecommunications Administrations, "Draft ECC Report on Sharing Between MSS
Systems UsingTDMA and MSS Systems Using CDMA in the Band 1610-1626.5 MHz" (Sept.
2006) at 2, attached to this letter as Attachment A (there can be "no reasonable frequency band
sharing between time division multiple access (TDMA) based systems like Iridium and code
division multiple access (CDMA) systems like Globalstar").
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technical showing in this proceeding that would justify the Commission's reaching a different
conclusion.6

/

Respectfully Submitted,

~:Q~eb-k
Counsel to Globalstar, Inc.

Attachments

cc (via email): Chairman Kevin J. Martin
Commissioner Michael J. Copps
Commissioner Jonathan S. Adelstein
Commissioner Deborah Taylor Tate
Commissioner Robert J. McDowell
Michelle Carey
Bruce Gottlieb
Barry Ohlson
Aaron Goldberger
Angela Giancarlo
Helen Domenici
John Giusti
James Ball
Howard Griboff
Jennifer Gorny
Paul Locke

6/ The Commission has never, as Iridium asserts, found that CDMA and TDMA systems
can share co-frequency, co-coverage without harmful interference. In the 2004 L-Band Sharing
Order it expressed the view that the two carriers should be able to "coordinate" in the shared
spectrum. The language that Iridium attributes to the Commission on this question is actually
from one ofIridium's own submissions, merely referred to by the Commission in a footnote.
Compare Iridium "Draft Coordination Agreement" at 1-2, with 19 FCC Rcd. 13356, at ~ 53
n.141.
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o EXECUTIVE SUMMARY

Previous studies conducted by ERC Working Group SE PT 28 showed that there is no reasonable frequency band
sharing between time division multiple access (TDMA) based systems like IRIDIUM and code division multiple
access (CDMA) based systems like GLOBALSTAR. That is why the frequency plan proposed by the FCC in the
USA was based on a frequency segmentation and separation between IRIDIUM and GLOBALSTAR.

In CEPT, Decision ERC(97)03 designates the band 1610-1621.35 MHz for use by CDMA systems such as
GLOBALSTAR whereas the band 1621.35-1626.5 MHz is designated for use by TDMA systems such as IRIDIUM.

The US frequency plan today allows for co-frequency operation between IRIDIUM and GLOBALSTAR in the band
1618.25-1621.35 MHz. In common with the US allocations, IRIDIUM proposes this bind to be shared between
IRIDIUM and GLOBALSTAR in Europe.

Furthermore, if a second CDMA system (COURIER) becomes operational, th~it~¥¥j,1~m should operate in the same
spectrum as the GLOBALSTAR system and will have to seek coordinationjn;Qrder~to~do so.

This report analyses the feasibility of sharing between MSS systems using'<:·:;DMA such"aS'f:JLOBALSTAR and
COURIER and MSS systems using TDMA such as IRIDIUM in thisb~aJ 6 rg..25-1621 ,j):~J:j~ and concludes that,
on the basis of the technical characteristics provided:

In order to operate on a co-frequency basis, with Gh<:)~ALSTAR, ~t full capacity, the Germ:apsystem
COURIER has to use a polarization orthogonal to GLQBALSTAR;'aud therefore the same::asJRjDIUM.

The IRIDIUM satellite will suffer from harmful interference,from.a,deployment of GLOBALSTAR
terminals during 45% ofthe time at best, which confirms the':~es conducted by SE28 in 1998.

The IRIDIUM satellite will suffer from,ll;rrmful interference frowm:l:d.~ployment of COURIER terminals
during 100% of the time when operating'ona'co-polarization and co·frequency basis.

'-~'-","""'d.2':''';>f'-'B~,,:,j>-. '''''~Y.J''''/.i;'0c.. dC'~

The GLOBALSTAR satellite will suffer fr~J11 iiitetfet~I!ce from lRlDIUM'nahdsets, which mayor may not
exceed the defined protection criterion. Thlsis dep~;ili{~t:.uponthe asswiptions made, including those
concerning the cross-polarisation isolation and the shieldingdu~totheproximity ofthe handheld terminal to
the human body. Tabk.Lghces (for a frequency'J"eus~ factor of55:thepercentage of time for which the
increase in noise+selfinterference exceeds 3% in' all situations. 'The 6% increase in noise criterion is
exceeded for 1.00% oftime'fn1li"e situations shown.

TABLS:r'

%,jliJim~,QfharmfUimt~i:fe~(tlltetrQm,UUtmJMTerminals to GLOBALSTAR satellite

Slope 'i~;; ;;;,ji""Human,body Voice Voice/ Data Data
1,·'·_, I,,?~~ (dB) ,'i!i";;;,,,,,

1.605 "'M'i""';" 0 ~, 0% 0% 0%
-,"",;•. 1.605 "'£4"';' 3 ?iii- 0% 0% 0%

",,;;.,,3 ·;~,,·,O 0.02% 0.2% 2%
''''''3'-- "'*""3 100% 100% 100%

The COUR.iER system"operating on a co-polarization and co-frequency basis with the IRIDIUM system,
will suffer fr0J11'hS1fJ11ful interference from a deployment ofTDMA terminals during 100% ofthe time for all
above cases. 'w.,_.,',•.,,'

The GLOBALSTAR satellites will suffer from unacceptable interference from IRIDIUM satellites
(irrespective ofthe polarisation that is used) when the IRIDIUM system is fully loaded, as shown in Table 2.

TABLE 2

Interference from IRIDIUM satellites to GLOBALSTAR satellites

IRIDIUM Frequency reuse Maximum increase in noise + % of time the 3% N+I
Activitv factor self interference * criterion is exceeded

Voice 12 30% 2.5%
Voice 5 70% 2.5 %
Data 12 1200% 100%
Data 5 3000% 100%
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*There is a ten-fold increase in noise against the 6% criterion during the same period of time.

Unlike GLOBALSTAR, the COURIER satellites are planned to operate in close proximity of the IRIDIUM
satellites. Although this case was not simulated, simple geometrical considerations show that the noise +
interference level in a COURIER channel will exceed the GLOBALSTAR case by far. Therefore the results of
Table 2 have to be considered as too optimistic for the COURIER system.

It should be noted that the findings ofthis report can be applied to the whole frequency range 1610-1626.5 MHz.

It should also be noted that satellite systems in this band are subject to frequency co-ordination under Articles 9 and
11 of the Radio Regulations.
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Sharing between MSS systems using TDMA and MSS systems using CDMA in the band 1610 -1626.5 MHz

1 LIST OF ABBREVIATIONS

Abbreviation

BER
CDMA
CEPT
CPI

Explanation

Bit Error Rate
Code Division Multiple Access
European Conference of Postal and Telecommunications";.",,
Cross Polarisation Isolation ,.",,' "~

ECC European Electronic Communications "'""",.
EIRP Equivalent Isotropically Radiated Power'·'
FCC Federal Communications Commission""d""
FDD Frequency Division Duplex'"
FDM Frequency Division Multiplex.,,,,, ',."+,,
FDMA Frequency Division MultipleAcc~~~ ,p I'''·''''

I-G-=-=..IS=--- -+-=G-=e...:.o_=lo:.>L.gjic-=a...:.I_In_=:r.-=o_=rm-=-=..at_=io_=n=___S"--'-'y~st_=em=___ __·".-'=.,---"-·.,,'-,.,"'--------il ',.,
GOCC Ground Operations Control Center d"M,'" .,.= ,.
GPS Global Positioning System'''·''''''''''
HPA High Power Amplifier """,,,.,
ITU International Telecommunication Union
LEO Low Earth Orbit,
LHCP Left Hand Circular Polarized"'"

MLS
MSS

PN
PSTN

,.,,::"'RHCP

TDD
TDMA
UMTS

",., Mobile'Satellite Service ",

Public Switched Telephone Network

Radio,Link Failure
.""",,,, Right Haild'<::jrcular Polarized

..,;. ,;,,,,,

Safellite Data Modems
Special Temporary Authority
Twe Division Duplex
'Time Division Multiple Access
Universal Mobile Telecommunications System
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2 INTRODUCTION

When originally licensed by the regulation body (e.g. FCC for America), it was expected that a number of LEO
satellite based mobile communication systems should operate in the band 1610-1626.5 MHz.

However, IRIDIUM and GLOBALSTAR are today the only two big LEO systems that are operational. Furthermore,
the German LEO Sat COURIER is planning to start its operation within the next few years.

Early investigations showed very clearly, that there is no reasonable frequency band sharing between time division
multiple access (TDMA) based systems like IRIDIUM and code division multiple access (CDMA) based systems
like GLOBALSTAR. That is why the US frequency plan proposed a clear frequency segmentation and separation
between IRIDIUM and GLOBALSTAR. However, the US frequency plan today allows~Jor co-frequency operation
between IRIDIUM and GLOBALSTAR. It was also intended, that other CDMA based systems should share the
same frequency bandwidth as identified for GLOBALSTAR. '4'd

Decision ERC(97)03 designates the band 1610-1621.35 MHz for use by systems such as GLOBALSTAR
whereas the band 1621.35-1626.5 MHz is designated for use by TDMA s'S:~l~ms sucl1we!J,JiIDIUM.

In common with the US allocations, IRIDIUM proposes the band 1§1'a~Zj-ro21.35 MHz'tQ::l2S!,shared between
IRIDIUM and GLOBALSTAR. Furthermore, if COURIER becomes operational, a second GDMA system should
operate in the same bandwidth of the GLOBALSTAR systemb =.
This report analyses the feasibility of sharing between MSS"systems using COMA such as GLOBALS:rAR and
COURIER and MSS systems using TDMA such as IRIDIUM in this~~d 1(B&:25-1621.35 MHz. Itshould be noted
that the findings of this report can be applied to the whole frequencY.'iibg~Ibl0-1626.5 MHz. &

3 MSS ALLOCATION

Frequency allocations inthe band 1 610-1,626.5 MHz

Region 3

Radiodetermination-satellite
(Earth-to-space)

1 610-1 610.6

MOBILE-SATELLITE
(Earth-to-space) 5.351A

AERONAUTICAL
RADIONAVIGATION

Regiot(l

Allocation to services

J:61.0;;1.Jj10.6

MoBILE~SAIEt;rJTE
(Earth-to-space) 5.351A

AERONAUTICAL
'~IONAVIGATION

RAPIODETERMINATION­
SATELLITE
(Earth-to-space)

1 610-1 610.6

MOBILE-sAI£LLUE

(E~~:.to"space)'·5;~~:~~=..

AERONAUTICAL
.•.".~lPNAVIGATION

5.341 5.355 5.3~2:~t}63 5.3,£~·

5.366 5.367 5.368·.5~369 5,3;Jl
5.372

5.341 5.364 5.366 5.367 5.368
5.370 5.372

5.341 5.355 5.359 5.364 5.366
5.367 5.368 5.369 5.372

1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space) 5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

1 610.6-1 613.8

MOBILE-SATELLITE
(Earth-to-space) 5.351 A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION-SATE
LLITE (Earth-to-space)

1610.6-1613.8

MOBILE-SATELLITE
(Earth-to-space) 5.351A

RADIO ASTRONOMY

AERONAUTICAL
RADIONAVIGATION

Radiodetermination-satellite
(Earth-to-space)

5.149 5.341 5.355 5.359 5.363
5.364 5.366 5.367 5.368 5.369
5.371 5.372

5.149 5.341 5.364 5.366 5.367
5.368 5.370 5.372

5.149 5.341 5.355 5.359 5.364
5.366 5.367 5.368 5.369 5.372



1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space) 5.351A

AERONAUTICAL
RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.347A

5.341 5.355 5.359 5.363 5.364
5.365 5.366 5.367 5.368 5.369
5.371 5.372

1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space) 5.351A

AERONAUTICAL
RADIONAVIGATION

RADIODETERMINATION­
SATELLITE
(Earth-to-space)

Mobile-satellite (space-to-Earth)
5.347A

5.341 5.364 5.365 5.366 5.367
5.368 5.370 5.372
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1 613.8-1 626.5

MOBILE-SATELLITE
(Earth-to-space) 5.351A

AERONAUTICAL
RADIONAVIGATION

Mobile-satellite (space-to-Earth)
5.347A

Radiodetermination-satellite
(Earth-to-space)

5.34"1" 5.355 5.359 5.364 5.365
,,2:~~fi...5.367 5.368 5.369 5.372

IRIDIUM is designated to occupy 5.15 MHz of spectrum in the bandJ2ktwe~111621.35"~,f1nd 1626.5 MHz. The
IRIDIUM system utilises time division multiple access (TDMA) technology for satellite access: with service link
transmission in both directions (i.e., bi-directional TDMA wherl;J,"'6th the satellite uplink and"~ink occupy the
same frequency assignment). ."""

CDMA systems such as GLOBALSTAR and COURIER are MSi:mAted to sh#e 11.35 MHz of spect@"'in the band
between 1610 MHz and 1621.35 MHz for service uplinks and 1rmtIz wpectI1!JTl in the band between 2483.5
MHz and 2495 MHz for service downlinks. ~

=ErO.D.,RP 1 .~

-.:. --=-.. ~

Proposed usage of the MSS allocation.between 1610 and 1626.5 MHz

Globalstar Uolink

Proposed
Shared

Capacity

I
I
I
I
I

:Iridium UoIDownlink

1610 &liz 1616
&liz

1618.25
&liz

1621.35
&liz

1626.5 &liz

Globalstar Downlink

2483.5 &liz 2495 &liz

These 3 systems we;e ~~risid~d in the sharing studies contained in this report.
~

4 MSS SYSTEM CHARACTERISTICS

4.1 The TDMA system: IRIDIUM

The IRIDIUM system employs 66 Low Earth Orbit (LEO) satellites that support user-to-user, user-to-gateway, and
gateway-to-gateway communications. The 66 satellites are evenly distributed in six orbital planes with a 86.4°
inclination, with one in-orbit spare for each orbital plane. Except for planes 1 and 6, the orbital planes are co-rotating
planes spaced 31.6° apart. The first and last orbital planes are spaced 22° apart and form a seam where the satellites
are counter-rotating. The IRIDIUM satellite constellation is depicted in Figures 2 and 3. The satellites orbit at an
altitude of780 kilometres and have an orbital period of approximately 100 minutes 28 seconds.
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FIGURE 2

IRIDIUM Satellite Constellation
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FIGURE 3

IRIDIUM System coverage

Orbital Seams

- -
The IRIDIUM system uses an algorithm which dynamically controls;the"frequency reuse factor employed by the
network. The typical range o~!tlt~lJSE::y reuse factors u~~<!J!e"between'5m!!!Sl&12. As the satellites converge at the
poles beams on individual sateUites"ar~turned off allowing for a lesser frequency reuse in these regions.

IRIDIUM user terminak~:mploy a tim:d1vision duplex (TDD) approach wherein they transmit and receive in an
allotted time window withifi'th:eframe $1:l:ucture. The TDD strt:!qttire is built on a 90 ms frame and is composed of a
20.32 ms downlink simplex~tfme:,slot,.:t'ono\¥e<L,byfour 8.28 ID's'up-link time slots and four 8.28 ms down-link time
slots, with sOlTIegllaI'd.times intersp;~tsed a:S'isidel'i~te~'in:'Figure 7. Since the system is TDD, the subscriber units
transmit and::recei.~e,:m:th~same tfeqirency band. flie"access technology is a Frequency Division Multiple Access/
TimeI)ivision MultiplC'*~cy~S(FDMA/-!RMA) method whereby a subscriber is assigned a channel composed ofa
frequeiiCy and time slot inanZiiarticularbEiim".,Channel assignments may be changed across celli beam boundaries
and'are'controlled by the sateUiteo
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FIGURE 4

IRIDIUM Frame Structure

L-BAND FRAME

.....1---------- 90ms .....__

DL4

.... ---
20.32 ms 8.28 ms

The maximum transmit power ofan IRIDIUM handset is 7 W (The HPA is 8W witMypical tranmission line losses of
IdB). The gain ofthe handset antenna is 0 dBi, therefore the maximum trans!!1i~I~~RP is 8.5 dBW. Ifwe assume
any two channels are active per frame, the maximum transmited EIRP per time slot0isi0IcdBW1

•

The system provides the full average link margin at maximum power, blltit is'also capableiofreducing transmit power
and adjusting link margin according to the local fading conditions..IiliS,is accomplished"'Wiffi.an adaptive power
control system that can reduce the subscriber transmit power bYllP,to 8 dB4' but can also be adju~ed in 1 dB steps
over the complete range. The effect ofthe power control is to allow the subscriber equipment to'opJSr.ate at the lowest
power necessary to assure quality communications.

The satellite receiver measures received Eb/(No+Io) and comparetit19 a t!1res1f61dvalue, which is d~fl:hed to be that
value for which a X% BER can be achieved for a voice channel in·'GatiSsiari·~oise."·This compariso~ of real
Eb/(No+Io) to the threshold value results in a margin value. Ifthe margi!f'i'~'R90r,the handset immediately rises to full
power. If the margin is 'good', it does nothing.lf,itJs 'very good', it decr~as~J2Y one step size (1 dB). Maximum
power control range is 8 dB. Also, the loop operates'oveJ:~4 frame period, i.e:~·th~,satellite commands the handset to
adjust (or stay the same) once every 4 frames. Howe,ver::iipQItte,ceiving a commliilcllo&power up or down, the handset
does so in the very next frame.

The measured cross-polarisation isolation performanc~:Ior aftwicaliTRJJ21l1Mhandset is shown in Figure 5. It is
clear from the following antenna.ploLthat isolation of greater than 20 dB is achieved.

FIGURE 5

Typical Measure'!J:txoss:fy13dsapon Isolatiori:Performance for an IRIDIUM Handset

.00 -so -30 0 ~ ro 00
ib:lta (arr;joJ tern zerith, 00gees)

o

10r-.--r-.--r-Y--'--'--;::::::C::=:;:C::::::::I:=~:::;',,
i I J • J

5 _._}----:- ---}.-- - ...:----:- .--~-.-:--

1 EIRP = 8.5 + (10*log((2*8)/90) = 1 dBW
2 For data traffic Iridium handset transmits at maximum EIRP
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4.2 The CDMA system 1: GLOBALSTAR

The GLOBALSTAR system provides communications from any point on the earth's surface to any other point on the
earth's surface, exclusive of the Polar Regions as sho\Vl1 in Figure 6.

FIGURE 6

GLOBALSTAR constellation

I
I="-

~

I-~

l~~-

The systeI115ol1siSts'9f:~~tellites,llSer"tc::lTninals, gateway,!;f'which connect calls transmitted over the satellites to/from
the PUb1i5~SWi.tche(r"~~{'lpeNetwQ$!,(fSTN) as well as to/from the Internet, and a Ground Operations Control

Ce~~I"(GOCC). ~7?~~

Tne'sa@!i~ orbits are optimizt~l~providel!t$ll'est link availability in the area between 70 degrees South latitude and
70 degreeslNorth latitude. Servictms feasible in higher latitudes with decreased link availability. The GLOBALSTAR
space segrrlcerif"q(:msists of 40 sat~mtes in 1410 km Low Earth Orbits. The low orbits permit low power hand sets
similar to ce~phones. These:5'atellites are distributed in 8 orbital planes with 5 equally spaced satellites per
orbital plane. Sate1.!lfe~ complet~."#r1 orbit every 114 minutes. User Terminals in a particular location on the surface of
the earth are illurninat'iiiJ>y a.mu tibeam satellite antenna as it passes over the earth.

~

User Terminals can be SeIWed by a satellite 10 to 15 minutes out of each orbit. A smooth transfer process between
beams within a satellite.,ffrid between satellites provides unbroken communications for the users. The orbital planes
are inclined at 52 degrees. Coverage is maximized in the temperate areas with at least two satellites in view, providing
path diversity over most of the area. There is some small sacrifice in multiple satellite coverage at the equator and at
latitudes above 60 degrees.

The Gateways to the terrestrial network are illuminated by an earth coverage beam. The Gateway connects the User
Terminal to the terrestrial network via the Gateway.

The User Terminals come in several varieties. There are hand held units, mobile units and station units for voice calls,
as well as Satellite Data Modems (SDMs). Gateways transmit pilot signals via the satellites. The User Terminal looks
for the best satellite pilot signal. When this is found it then switches to the sync channel and obtains the satellite
database and other information. This database facilitates rapid acquisition ofthe pilot for any future calls. To place a
call the user dials the number and presses "SEND". The User Terminal contacts the Gateway via the access channel.
The Gateway and the User Terminal then work together to connect the call and support communications. Since the
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satellites are moving, the user is continuously being illuminated by different satellite beams or even different
satellites. Diversity combining within the receivers supports a process of transferring traffic that is completely
transparent to the user. The diversity combining process also provides better call reliability. The handoff process is
accomplished without interruption to the call in process. Ifthe user moves into an area that shadows or blocks access
to one satellite, the space diversity link through a satellite that is not blocked maintains uninterrupted user communication.

The fixed User Terminals have a performance equivalent to the mobile terminal except that the antenna gain and transmitter
power may be even higher. Fixed terminals do not require path diversity to combat fading and blockage.

Each GLOBALSTAR satellite has 16 S band beams and 16 L band bearns, with each beam reusing the allocated
11.35 MHz at L-band (user to satellite) and 16.5 MHz at S-band (satellite to user). As shown in Figures 7 and 8, the
MSS bandwidth of 16.5 MHz at L-Band and S-Band is conceptually divided into channels of 1.23 MHz width. At L
band, channels 1 through 9 are used by GLOBALSTAR, and channels 10-13 fall into the band allocated to Iridium.
The same set offrequencies is reused in each ofthe 16 beams at L band and each oft~J'6'b~~msat S band. Note that
C-Band feederlink frequencies are assigned to communicate between the satellit~and gateway, with 5 GHz being
used for the gateway-to-satellite direction and 7 GHz for the satellite-to-gate~X:1!!t~Etion.

FIGURE 7

1610.0 MHz
L band frequency designations ..~

1626.5 MHz

1611.181MHz 1614.420 MHz 1616.aao MHz 1619.340MHz 1621.llJOMHz 1624.260 MHz

16101:lQMHz 161:>1El:) MHz 1615.650 MHz 1618.110 MHz 1620.570 MHz 1623.0:l0 MHz 1625.4El:l MHz

1.23 MHz

Fi.: l,.1land

123MHz 123MHz 123MHz

16.5 MHz

1.23 MHz 1.23 MHz 1.23 MHz

24535 MHz

FIGURJ!~~,

"%::S.bandfrequency"d;~ignations

2fllo.OMHz

Fllo:S-&nd

Within a channel, spreadspectrum is used to convey the voice or data intelligence. Multiple voice or data circuits may be
carried within a single 1':23 MHz FDM channel. The circuit data is separated by unique PN spreading sequences. This
allows the same spectrum to be shared by other CDMA users.

The earth's surface except for Polar Regions, is covered by multiple overlapping satellites as shown in Figure 9.
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FIGURE 9

Typical ground tracks of GLOBALSTAR at an instant in time

02/28/06: :
Constellation: Globalsta, 48 Sats

'1~

, , ,

:1 Gina·Eng 6.~ Alpha VS.1I:

1~ IS<!
: Lat ·8.76 Lon

The contours shownindicate<that a Usera;'Ferminal within the contour can communicate with the satellite at an elevation
angle above 10 degrees. ' .. _ ......... =

Figure 10 iU)J§.trale.§.a~lypical user~inaf orlentatiOliJil:atemperate latitude with multiple satellite coverage.
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FIGURE IO

Multiple satellites coverage

Gld:8sta"1 Glcbisla'2

Line of Sight:Forthe'~~0BALST'AR:"~ystem,many ofthe obstructions in the direct line ofsight do not completely
blockJfi'e line of sighC1iilf,:rillPer simpli~,!lJtenuate the signal. Given two satellites in view at the same time, the
probability ofsignal blockage'or-shadowingto'both satellites is significantly less than the probability ofblockage to a single
saremte,,=~ ~ "-~~

Specular"Reflection: The spe. reflection component is the signal reflected off the surface of the earth. The
magnitude of'lhe'tejIected signal can~be large if the surface is relatively smooth and flat at the point of reflection. The
specular componenLwill prove toJJe an insidious problem for the hand held antennas. It can either add to or subtract
from the signal received from th~direct line of sight. This problem can be managed effectively for the mobile and the
fixed station antennas.-- ...--

Diffuse Reflection: The,diffuse component is composed ofa sum ofa large number of individual terrain scatter from
outside the first Fresnel~one. This diffuse component is characterized by phase incoherent multi-path with a uniform
phase distribution and a Rayleigh amplitude distribution. The signal fading associated with the diffuse component
combining with the direct component produces the fast-fading characteristics ofthe propagation channel.

Building Penetration: GLOBALSTAR has limited ability to penetrate buildings. Operation is possible in wood frame
buildings or near windows with a wide angle view of the sky. The best locations within building results in 6 to 13 dB
added insertion loss. There is a high degree of sensitivity to antenna location within the building. A change in lateral
position of20 to 30 centimeters can produce a 30-dB variation in signal power.

In Pocket: With the antenna extended, operation depends on orientation. Body blockage can insert attenuation in excess
of 15 dB. Ifthe antenna is stowed, operation is not considered feasible.

Interference: User Terminal receivers may experience interference when operating in close proximity to microwave
ovens, plywood plants or hospitals. The transmitters are frequency coordinated for operation with Radio Astronomy
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sites, for operation with GPS, and with GLONASS. The Gateway site locations are selected to avoid interference with
the Microwave Landing Systems (MLS) associated with airports.

4.3 The CDMA system 2: COURIER

COURIER is a future land mobile satellite communication system for voice and broadband data services based on
UMTS technology (Universal Mobile Telecommunications System) and intended to complement with terrestrial
communication systems and therefore serves as a logical addition to the land-based network structures, amending
them through the global mobile component.

The COURIER-Service-Portfolio focuses on the following dominating user interests:

Executives and service personnel
Telecommunication service outside conurbations across all continents and,o.c.ea,;s-.
Global passenger service (entertainment, telephone, internet) for all transportation modes, specifically air
and sea traffic -:::::"'"
Regional providers of mobile telecommunication systems require a"globaFsa.tellite network to ensure their

•• ";;$:"",,<\. '~';''';',i._

competItIveness ~

Internet in the Sky - universal interface for mobile internet access ,'"- ~-"~

Precise navigation and tracking, e.g. for worldwide tele~trit'aboJogistics -=-""'"
Monitoring of the environment as well as energy resources and generation
Catastrophe warning and management system
Multimedia applications, i.e. global mobile entertainment>8s well as ,transmission of image functions
Tracking and tracing - a main application in the field of1qgrstics-"'~ ~ y

Remote sensing of the earth (Electronic Geological InformatiomSystem /GIS, cartography, environmental
planning and management, agricultur~_and forestry, national se~)

The data and voice terminals ofthe users have dl~t£9J1.1lllUnication links t~ llie.satellites whereas these satellites are
connected to earth stations with gateways to connect<caIlsetransmitted over the satellitesoto/from the Public Switched
Telephone Network (PSTN) as well as to/from the Th erne. ''"'=, rmore, inter sat~.utitlinks are used for an efficient
communication network. ~

Total number o(~teIIJfes _,.:,.=
Number of orbit<planes
Number ofsln~IIlt!lJ?er plane :.::'
Altitude
Inclination
Types.of,o.rbit_
ReSefve"Satellites"

~-.

Forthis investigation, only'the'user to sateJIite''''communication links and vice versa are of further interest. With the
dlspfa~~tellite orbit parameters, an effic~prcoverage of the relevant earth surface areas is possible. Each of the
satellite il>'covering a visible areaC'With 1.761 km radius measured along the earth meridian. By using an advanced
smart antenna.te.c.hnology, the ottall visible area is further dividcd into 37 hexagonal beams per satellite antenna
system. Thus, -individual and independent coverage areas with a radius of 252 km are defined, resulting in an
enhanced voice ~ala traffic 7pacity per satellite. For illustration purposes, the Rx antenna system footprint of
one satellite is shown~in4igurt?'l2bis. The aperture angle of such a beam formed by the satellite antenna is about 17
degrees. .~ ..'

The communication proto~ol and air interface approach is based on a CDMA technology based on UMTS /
CDMA2000 standards.The basic RF parameters are in terms of access technology and RF bandwidth similar to the
GLOBALSTAR satellite system. However regarding the traffic capacities and various types of voice and data
services, COURIER is applying the latest versions of the standard.

The following table summarizes the important RF parameters of the COURIER communication links:
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Frequency ranges

The following frequency ranges were applied with the Federal Net Agency, Gennany, on 26th May 2005 (Follow-up
Application according APIICR of the RR / ITU)

Mobile - Satellite 1 610 - 1 626.5 MHz
Satellite - Mobile 2483.5 - 2500 MHz

Due to frequency sharing and coordination requirements, only the sub-segment ofthe overall bandwidth, designated
in CEPT, Decision ERC(97)03, may be used.

RF Bandwidth

Chip rate
Channel spacing

1.2288 Mchips/s
1.25 MHz

The whole uplink bandwidth is subdivided into 13 channels starting at a centre'frequency of 1610.75 MHz and
ending at a centre frequency of 1625.75 MHz. Each of these channels can Q&:pccupiea:1~)L,? transmit signal having an
RF bandwidth of 1.1 MHz which results from the chip rate of 1.2288 Mchips/s, the chosen,roll-off factor and the
bandwidth definition by the 99% power rule. Accordingly to the uP!Hi[fiirectlpn, the whol~:~gFDlink bandwidth is
subdivided into 13 channels starting at a centre frequency of2484,25 MHz·and ending at a centre frequency of
2499.25 MHz.

The communication mode and modulation scheme is characterii~l!:!?X 1M10,Qt)Y.

Modulation methods

Mobile - Satellite

RF Transmission power per beam

Mobile - Satellite
Satellite - Mobile

6.9 dB\\;. (BW;;;'Tl:Jl:1Hz, voice)
2.0 dBW(BW ='h1 MHf7.)''''''·

Polarization

The polarizatiottis circular. Irhas been chosen contrary to GLOBALSTAR in order to be able to use the
same frequency='bandat full capicity (see Annex 1 andECC report 059 "co-frequency co-coverage sharing

issues between two~~~A S~!!:JE~2:..

Signal to Ii1fet!~,t~].ce Ratitr31!tY,~n, uplink and downlink, up to 800 Hz

User'terminals

.!Y!2Qil~ terminals and S\'~fj'£mary terminals for voice and data communication

Capacity per o~:~j!L

Up to 49 siI:iiYltllneoJJ$;voice calls, up to 307 kbps data rate (version Ix EV) or 2.4 Mbps (only downlink,
version Ix EV-DO)"

Fading Margin

According to actual interference level; the Signal-to-Interference Ratio depends upon actual service and
bit-error-rate requirements
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FIGURE 11

COURIER Overview

FIGURE'12
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FIGURE 12BIS

Rx Antenna Footprint of the COURIER Satellite

5 ~~'SHARING ANALYSIS""£<

5.1 Introduction

5.1.1 PrdjJ"X!!!!!!n effects i=_

Propagation 10ssesJIC.MSS resu!CJrom several factors due to the mobile nature of the terminal as well as its low gain
antenna. In L-band, two.main,contributors are multipath and shadowing. For a matter of simplification, the analysis
contained in section 5 Cl[!j£nake into account shadowing effects.

As mentioned in several.reference documents, including ITU-R recommendations, it was considered that the
multipath fading follows a Ricean distribution. The ratio between the direct path and multipath components (Also
noted K) varies according to the nature ofterrain. A value of5 was considered for high multipath situations and 13 for
low multipath situations. It was assumed a constant value for the direct path and a random value for the multipath
component.

Figure 13 gives the distribution functions obtained using these assumptions.
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FIGURE 13

Ricean distribution of fading due to muItipatb
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The mean value is 0 ~.~":in>both cases:~ signal may be att.:,nuated or, to the contrary, enhanced.

The effect offading on the'cross-polariz~n isolation or disci'jmUfation (CPI) has been assessed in the "handbook on
propagation effects for vehicular..:and pl:J."~nal~mobile satellite systems" (see ref 1). According to this book, the
cross-polarization isolation var~S"witn thefaae"v.aJ.ue"a's~fol1ows:

_;(~~~I;~~~&-~ ~ .~~~~;:&"

'~

CPI =-1.605A +18.94

where".i4 is the co-polarized'fade>(in dB). A.1though the details of the antenna used for these measurements are not
given, JJ~uld be identical to"<it1i:e1 measurements performed in this book, ie an antenna of60° aperture (15 to 75° in
elevation)'and a decrease of 10 dB-ofthe gain for elevation angles below 15°. The CPI maximum value is 19 dB, not
far away f'f01lJl"..s: 20 dB of an IR1:i2IUM terminal.

As no information.is.available oO]1e variation of the CPI with the antenna gain it is proposed to retain the equation
above as a fIrst appro~iJl1ation. hl'order to take into account a possible change in the slope ofthe formula for handheld
terminals, the calcufatiolLo(interference from IRIDIUM to GLOBALSTAR has also been made assuming an
alternative slope of 3 ins!:ad of 1.605 to represent a less directional antenna.

Additionaly, the fading"and CPI values for handheld terminals need to take into account the effect of the body and
head. An additional 3 dB fading value was assumed to take into account this effect.

Applying this equation with a slope of 1.605 to the fade values obtained above, we obtain the distributions in fIgure
14.
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FIGURE 14

Distribution of cross-polarization isolation
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For example, for high"multipath situations, there is no cross~polarisation effect during less than 1% of the time. This
explains why the cross-pol~on iso!!!!'on may not be usea.:3£!tliin one single system, since there are particular
moments in time this cross-polarization;,isolatioll-may simply.not exist.

"{~)l 4,,£~~.<:ii*t~:'~~,~':>.~__'

The effect?f'pre~ipitationonthe'@Phare assumed"to'be'negligible at this frequencies compared to the effect of
fading.Jl~commena'attQn:I.:LV-RP.6r:armyes a formula to calculate this effect only for frequencies above 4 GHz.

It haa.b'een assumed that the:p:o.i.¥er controluseAhy,the handset is correlated with the fade level to the wanted path (the
patlrbetween the IRIDIUM teti:W"nal and the~rRIDIUM satellite). Using a Power control range of 8 dB, a nominal
value ofS:aJ3. and a step of 1 dQe follo"-ling equation and distribution may be derived.

-~

...... PC =max(O;min(8;int(8 - A»)

where A is the fad~.at1Je on th~path between the IRIDIUM terminal and the IRIDIUM satellite.

..~
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FIGURE 15

Distribution IRIDIUM terminals power control
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For high multipath situations, the termi l1aHs emitting at full"power less than 3% of the time, in order to compensate
for fading. -- -= ~

The same assumptions were~n_for GbOBAbSTAR and COURIER, although this time the power control value is
centred arou«~~__~H~-J1!1 value"o!§:~ (thus-allo~"~~:!!!'(}fninal emission power value of -10 dBW) with a step of
0.5 dB. __~__",,---, .. _""'-.,,'''''',;,,~_

~._.""',=i~"~"" '~:i'~Z ·';:';;·=-"'''P
Two different protection criteria-were considered for the CDMA MSS systems:

An"increase in noise + s~interference (N+I) of3%,

An incr~n noise (Nrgt'6%.

The results are givtrrin.term~tncrease in the noise + self-interference. The increase in noise may be directly
derived for GLOBALSf&A;R"and COURIER using the following equation:........

/'Increase in noise = Increase in noise plus self interference x 10.2

The interference criterion assumed for the TDMA system is based on the minimum signal to interference ratio (C/I).
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5.1.3 Sharing scenarios

FIGURE 16

Sharing scenarios

CDMA (GLOBALSTAR OR COURIER) TDMA (IRIDIUM)

Scenario 1

~----------------------

---~~;---------------------~

Scenario 4
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5.2 SCENARIO 1: TDMA satellite to CDMA satellite

The allocation to MSS (space-to-Earth) is on a secondary basis, which means that MSS satellites shall not cause
harmful interference to other primary services allocated in the same frequency band, such as MSS (Earth-to-space).

Each GLOBALSTAR satellite will suffer from interference from both IRIDIUM tenninals deployed on the ground and
IRIDIUM satellites emitting in the same band. This analysis evaluates the level of interference created by IRIDIUM
satellites in one GLOBALSTAR satellite beam and channel.

At one moment in time, one GLOBALSTAR satellite will be in visibility ofabout 14 to 20 IRIDIUM satellites, as shown
in Figure 17.

FIGURE 17

IRIDIUM satellites in visibility of one GLOB~'!:7§TARs~!~I~~e

~
{~' ~.

~ ....
The total interference~received~l1 be the aggregate interference coming from those satellites in visibility. The
interference generatedby.ene.smgIe IRIDIUM satellite can be calculated using this equation:

I =II Pe(i,j)Ge(i)Grl1?
i j (4JTXi)2L

where

Pe(ij)
Ge(i)
Gr
A-
d
L

Emission power in channel j in beam i
Antenna gain ofbeam i towards the GLOBALSTAR satellite
Antenna gain of the GLOBALSTAR beam towards the IRIDIUM satellite
Wavelength
Distance between the IRIDIUM and GLOBALSTAR satellites
Diverse losses



DRAFT ECC REPORT 95
Page 24

A GLOBALSTAR terminal is located at a given position on the Earth. At each instant, the interference is calculated
in the satellite beam pointing towards the terminal.

NUMBER OF IRIDIUM CHANNELS PER GLOBALSTAR CHANNEL

The total number of channels to be considered depends on the activity ofeach satellite at one moment in time. The
maximum number of channels per IRIDIUM satellite emitting at one moment in time in a GLOBALSTAR channel, is:

Bnbchannel =nbbeam GLOBALSTAR

F.BIRJDJUM

where

Number of beams per IRIDIUM satellite (48)

GLOBALSTAR channel bandwidth (1230 kHz)

IRIDIUM channel separation (41.7 kHz)

nbbeam

BOWBALSTAR

BIRIDIUM

POWER PER CHANNEL

F Frequency reuse factor (12 or 5)

This gives at maximum 120 IRIDIUM channels active per IRIDIUM §l!~ni!~ for.a frequencYi'm§&. factor of 12 and 283
for a frequency reuse factor of5. It should be noted that the frequency reuse factor of 5 is used as-the satellites orbit the
poles, where population density is the lowest.

The power radiated by IRIDIUM satellites per channel is, according,to.recommendation ITU-R M.1 184, between-1O
dBW (unshadowed) and +2 dBW (shadowed). This does not take into ac'C5tiilfthe voice activity factor of40% (4 dB) for
terminals transmitting in voice mode. An average value of -14 dBW per~~el has been assumed in the analysis for
terminals in voice mode and +2 dBW for terminaIS·itI.data mode. In practice,'tlf&'IRIDIUM network supports a mixture
of terminals transmitting voice and data traffic. ·~"R"'='" ==.,g,

IRIDIUM ANTENNA GAIN

The antenna gain ofthe IRIDIUM satellite towards thd3LOBAbSTARssatellitevaries with the direction of the
GLOBALSTAR satellite, the <YlfeIUll'Lpanel considered andJlle'beam consTa;:eJ on the panel.

i<!J'Ii,j=/.,'''''''''''O;~)_~'>:j;'fe,j,'M~0,. ?~

The distance between the GLOBALS:r:.AAand IRIDIUM satellites varies from 630 to 7700 km. When the distance is
minimal, the IRIDIUMSlifellite is just 15e15yv the GLOBALSTAR satellite, in one ofthe GLOBALSTAR antenna
beams. In this case th~~t~a.gain ofth;'fRIDIUM satellite·towards the GLOBALSTAR satellite is minimal,
corresponding to the backlOO~!lf::No inf9nnatigl1 on the Iridium:'Sl1tellite antenna diagram was provided. Therefore a
value of-6 dBi has been assurne<t;:takitig''ill1O:'"az;:;ount.recommendation ITU-R S.1528, and extrapolating from the
minimum value' z for whitIitlfis recommcridati6rt'is valid. It is noted that the level ofan unshielded backlobe of
an active.:~:Y;suc as.t DIUM"';:~a may be mu~h higher. The value of -6 dBi should be considered as a
compromise, noting that thc'GI::;OBALSTA:R"L-band phased array antenna was measured at less than -10 dBi.

~<,i;£,"\;'2@jJ:$aJkI. -;~fiiiii&~"f&;;

THet;I~S!!i2n angle ofGLOB~~1,AR satellrr~"as seen from one IRIDIUM satellite varies between -27 and 90°. As the
antenna panels on board the IRIDLlJM satellites are tilted by 40° from the vertical, the minimum offset angle between the
panel bore§l&!1r~d the GLOBAt~I~ satellite is therefore 13° (40° - 27°). As the outer beams are pointed from the
panel boresightbymore than 13° this means that some emissions from the IRIDIUM satellite main beams may be
encountered. Howc~~r.in this casc'the GLOBALSTAR satellite will be separated by about 7000 km from the IRIDIUM
satellite, leading to'a7fteespaceJoss 20 dB higher than the case where the distance is minimal.

GLOBALSTAR ANTENNA GAIN

Information found on the Internet and confirmed by GLOBALSTAR, gives the foIIowing antenna pattern for one of
the outer beams ofthe GLOBALSTAR satellite antenna.
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FIGURE 18

GLOBALSTAR satellite antenna pattern measured

Anul• .-

Since the interference will be the aggregate effect of several nUi!iIlM satellit~ is proposed to rettitihis average
pattern for the sidelobes rather than a peak pattern. One antenna beam"istherefore modelled using the following
simplified antenna pattern. •~

,;.;,FIGHRE 19

GLOBALSTAR satellite antenna patterlf'modelization (single beam)
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The overall antenna combines 16 beams, one is in the centre and the other ones compose 2 rings around it. The
combined antenna pattern is given herafter.
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FIGURE 20

GLOBALSTAR satellite antenna pattern modelization (all beams)
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As the same frequency is used from one beam to the other, this is roughly equivalent,to the antenna pattern ofa single
beam antenna following a terminal on the ground while tlie"satellite is in visibiIitY'ft'offfthe terminal with an elevation
angle greater than I00. ...~= ••.•••,... ._w

It should be noted that both Iridium's and Globalstar's satellitetransmit'and'receive antennas are designed so that the
power level received to or fr.a9m:1lll~b~£e within the footRrjilf is equal. It [§:rrfherefore, necessary that the outer beams
are designed with a higheI"gain than·the·inner beams or boresight beam. Therefore, the assmption, made for the
purpose of this analy§i§:;::m~!the gain Is:~qual across all beams represents a simplification.

DIVERSE LOSSES

Polarisation losses are not conside;:e(Lhe;~·;;;;-~~fueemissions~hRIDIUM satellites are in the sidelobes ofthe antenna.
In this cas.~••!t.2!lf~mS;!:~gLHCPc2,!!2£?nent areafthe'same level.

SIM!,JI;A:TlON REslJ'LIS:"".
USlllg:ihese assumptions, mOllement of"the:8aicllites ofboth constellations has been simulated over one hour.

The increase,in noise + self interference in one GLOBALSTAR channel at the satellites in visibility from one terminal
located at ro:1Y~5°N is shown irt:!l.$w'es 21 (frequency reuse factor of 12) and 21bis (frequency reuse factor of5) for
the IRIDIUM satellites fully loaded.with only voice activity.
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FIGURE 21

Interference from IRIDIUM satellites to GLOBALSTAR satellites as seen by a singular GLOBALSTAR
terminal (frequency reuse factor of 12 and voice activity)
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It can be seen that, assuming a fully loaded IRIDIUM system with only voice activity, the GLOBALSTAR satellites
in communication with a given terminal will suffer during this hour ofsimulation from harmful interference during 3
periods each of30 seconds duration, equating to 2.5% of the time.

In the GLOBALSTAR system, the Rake receiver concept is exploited by intentionally creating diversity paths
through alternate beams and satellites. The user terminals naturally create intentional diversity paths since their near
omnidirectional antennas transmit multiple beams to multiple satellites. The satellite diversity used in the
GLOBALSTAR system may mitigate the interference for a given terminal in some cases. However in other cases, or
for other terminals, such a high interference may result in the call being interrupted.

When assuming that all IRIDIUM channels are active in data mode, at full power, then the emission power becomes
+2 dBW, and the interference is increased as shown in figures 22 and 22bis.
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FIGURE 22

Interference from IRIDIUM satellites to GLOBALSTAR satellites as seen by a singular GLOBALSTAR
terminal (frequency reuse factor of 12 and data activity)
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FIGURE 2~YJS

Interference from IRIDIUM satellites to GLOBALSTAR:S3.tellites as seen by a singular GLQRALSTAR
terminal (frequency reuse factor of'S'and data'activity)
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It can be se'ei}Ifig,t~ assuming a fultiJoaded IRIDIUM system with only data activity, the GLOBALSTAR satellites in
communication..with the terminal will suffer during this hour ofsimulation from harmful interference during 100% of
the time.

Ifthe number ofacti~e"chlmncl'sperIRIDIUM satellite is reduced from 120 to 10, then in this case the increase in I+N
becomes acceptable as s~3Wn in figure 23 (the corresponding increase in N is still above the 6% criterion).
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FIGURE 23

Interference from IRIDIUM satellites to GLOBALSTAR satellites as seen by a singularGLOBALSTAR
terminal (IRIDIUM not fully loaded, voice activity)
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As COURIER satellites altitude is lower than Gb@BAbSTAR, the interference'from IRIDIUM satellites into
COURIER satellites would be greater in magnituqftnatCtliilXi!:om IRIDIUM saiJJJJ;~~~into GLOBALSTAR
satellites.

5.3 SCENARIO 2: TDM.A.haJldset to CDMA saieUitt=

The maximum possible number ofTDMA channels per CDMA channel and footprint is given by the following
equation

where,

A~_ nbchannel:

~l1bbeam:

BGlo.~E\;

ClridiU:::-'
F:

~'J_ Number~of~T-DMA frequency channels per CDMA beam,

-"-Number 'of TDMA cells contained in one CDMA beam

=CDMA channel bandwidth (kHz),

..':"TDMA channel width (kHz),

Frequency reuse factor.

For a frequency reuse factor of 5, this equation gives 18 IRIDIUM channels per GLOBALSTAR beam and channel
and 6 IRIDIUM channt<Jsper COURIER beam and channel. The analysis does not take into account the effect of
adjacent IRIDIUM beams or channels which may increase the level of interference received by the CDMA system.

The wanted CDMA signal does not need to be considered since it does not participate in the criterion. The following
methodology was adopted:

The number ofiRIDIUM terminals is calculated according the formula agreed in previous meetings. It
contains a given percentage of voice terminals and the complement of data terminals.

The average power of the IRIDIUM terminal is calculated according to the explanation given in previous
meetings. It includes a voice activity factor for voice signals and time-averaging of the time slot power over
the duration of a frame.

For each terminal
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o A random coefficient K is determined, following a uniform distribution, between 5 and 13. This
coefficient determines the multipath environment where this terminal is located.

o A multipath random fading value is determined, following a Ricean distribution characterised by
the coefficient K.

o A cross polarisation isolation is determined from this multipath fading value using the linear
formula extracted from the MSS propagation handbook.

o A power control value is determined from this same multipath value since the attenuation on the
wanted path is the same as the attenuation on the unwanted path

o The interference received at the CDMA satellite from this terminal is derived from the average
power, minus the fading value, minus the cross-polarisation isolation (only for the GLOBALSTAR
case), minus the power control (if voice signal is transmitted), mi!ltSfth'i;;E:ee-space loss, added to
the terminal and satellite antenna gains.

The interferences produced by each terminal are linearly summed andcgive'the aggregate interference.

This calculation is performed 100000 times and the results given as a cumulative distfijjtltion function. This allows
determining the degradation related to a percentage of time ranging from <rOOl to 100'0/;:::,,"

The calculation has been made assuming a frequency reuse factor,of5 for the IRIDIUM systemi"

The following figure gives the results obtained for GLOBALSTAR, for 3 configurations (100% dataterminals, 100%
Voice terminals and 50-50% of Voice and Data terminals).' "",." v, """"''''''"

FIGURE 24

Interference generated by r~1>lJJM terminals to GLQJ!~J:.,STAR satellite
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Figure 24bis gives the same results when an additional 3 dB fade due to body or head is assumed for handset
terminals.
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FIGURE 24BI8

Interference generated by IRIDIUM terminals to GLOBALSTAR satellite with an additional 3 dB fade due
to human body
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Figure 24ter gives the same results as figure 24 but with a value"oM (rather than 1';605) for the slope of the formula
giving the cross-polarization isolation degradation vs:rnding.~H . .~ -
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In this case the protection criterion of 3% of degration of I+N is exceeded for a deployment of IRIDIUM terminals
transmitting only in data mode (without power control) for 1.5% of the time.

Figure 24qua gives the same results as figure 24bis but with a value of3 (rather than 1.605) for the slope of the
formula giving the cross-polarization isolation degradation vs fading.
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FIGURE 24QUA

Interference generated by IRIDIUM terminals to GLOBALSTAR satellite for a slope of 3 and an additional
fade of 3 dB due to human body
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In this last case the protection criterion is exceeded all the time.

The increase in noise+selfinterference is su~arized in Table 5. In alI·S!l[~.§..the 6% increase in noise criterion is
exceeded for 100% of time.

% of time of harmful interference from4RIDIUM"Terminals to GbOBALSTAR satellite.... ...... ~..

Slope Human body
.· ..··::7dB) ....

Data

1.605
1.605

3
3

0%

0.02%·..·..··....

100 %.

0%
0%

0.2%
100 %

0%
0%
2%

100%
.............~

The same analysis'was'performedfor'COURIER,'usingthe same polarisation as IRIDIUM. The results are given in
the figurci:oelow:lntnls:ZaseJhe protC:Cll.on criteria for COURIER are exceeded in all cases.

FIGURE 25

Interference'generated by IRIDIUM terminals to COURIER satellite
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The satellite diversity used in the GLOBALSTAR system may mitigate the interference for a given terminal in some
cases. However in other cases, or for other terminals, high interference levels may result in the call being interrupted.
In Europe, considering a GLOBALSTAR system with 48 operationnal satellites, for look angles greater than 10°,2
GLOBALSTAR satellites are in view for a minimum of95% of the time, 3 satellites are in view for a minimum of
70% ofthe time and 4 satellites are in view for a minimum of 10% of the time.

5.4 SCENARIO 3: CDMA handset to TDMA satellite

In this case the protection criterion is a CII ratio of 18 dB. The following methodology was adopted:

The power ofthe CDMA terminal may vary between -4 dBW (or 26 dBm) under high fading conditions and
-20 dBW (or 10 dBm) under low fading conditions. The value of -10 dBW is the nominal value
(corresponding to a fading value of 0 dB). This power value in 1230 kHz L~scaled to the IRIDIUM
bandwidth of31.5 kHz.

The average power of the IRIDIUM terminal is calculated accordillg:t'<)'tl@:~~,JJlanation given in previous
meetings. Only the Data signal case (corresponding to an emission,at full po.wet:) is analysed.

For each CDMA terminal

o A random coefficient K is determined, followJ!1$'a uniform distribution, betwJ:~~) and 13. This
coefficient determines the multipath environment where this terminal is located.-_

o A multipath random fading value is determined,.-following a-Ricean distribution characterised by
the coefficient K.

o A cross polarisation isolation is determined from this..mijhipath fading value using the linear
formula extracted from the M~~J)ropagation handbook~,,:,.:-:..,~

o A power control value is deterfiriried~frop1 this same multipath~alue since the attenuation on the
wanted path is the same as the a'ti;;;C~afion ..onthe unwanted pat~-

o The interference received before theantennaot:-the~'FDMA satellite from this terminal is given by
the power, minus the fading value, iijlpus lhYcross:pOransation isolation (only for the
GLOBALS:r~AR~ease), minus the power~control, minus4he free-space loss, added to the terminal
antenn'l~lIr • rl- ~~~

The interferen~producedby:eich terminal are linearly summed and give the aggregate interference.
~ ~

The wanted signal,before the 'LDMA satellite antennaais the sum of the TDMA average power, the TDMA
emission antenna galfi"'"ffiinus'-'ili~;;;fading value, minus the free-space loss.

• '~-,~~-q<,:""""-,*",,,

Ib:~:err~Ir.m~IL"Q!Upared·tQJhe 18 dB crltenc)f1.

This ,carwlation is perf;rn;:~d.J,QO OOO=riiri'es.and the results given as a cumulative distribution function. This allows
deteftrllning the degradatiotf-rel~ted to a percentage of time ranging from 0.001 to 100%.
~ ~ ~

The follQ.wIDg figure shows the€ldylts in tepns ofC/I for an IRIDIUM terminal transmitting voice or data signals in
presence oMO·GLOBALSTAR temlinals. The CII is over 18 dB less than 45% of the time for the data signal case,
and 70% oftb~ilRe for the voic~gnal case, where power control is used. This means that in order to compensate,
the terminal will·,emit.at maximum.power, leading to the data terminal case.
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FIGURE 26

Interference generated by GLOBALSTAR terminals to IRIDIUM satellite
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The following figure shows the results in terms ofCII for an IRIDlUt1:t~nal transmitting voice or data signals in
presence of49 COURIER terminals. The CII is-always below 18 dB. ~
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5.5 SCENARIO 4: CDMA handset to TDMA handset

The allocation to MSS (space-to-Earth) is on a secondary basis which means that any MSS Earth station or terminal
shall not claim protection from other primary services allocated in the same frequency band, such as MSS
(Earth-to-space).

This analysis has not been performed.
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6 MEASUREMENT OF RADIO LINK FAILURES ON GLOBALSTAR

A Special Temporary Authority (STA) was given to IRIDIUM by the FCC in August 2005 to operate in the frequency
band 1616-1618.25 MHz, which is used by GLOBALSTAR, from 2nd September 2005 to 1,( November 2005 during
an emergency situation (Hurricane "Katrina" in August 2005).

• The complete GLOBALSTAR channel 7 band is from 1617.495 to 1618.725 MHz.

• The complete GLOBALSTAR channel 8 band is from 1618.725 to 1619.955 MHz.

During the STA period the entire GLOBALSTAR channels 7 and 8 were shared with IRIDIUM. Before and after the
STA, the 1618.25 to 1618.725 MHz portion of channel 7, as well as the entire Channel 8 are shared with IRIDIUM.

Figure 28 shows the radio link failures (RLF) by channel for GLOBALSTAR's Clitt9Ilgateway service from August
3 to November 23,2005. An RLF is registered when the link can not be closed.~

Figure 28 shows: __,

• That the percentage of radio link failures increased in GLOB~Sl~ channel§~ 8 at the beginning of
the event and continued to be high compared to channel 3 after~the 30fSeptember",2005 (The RLF data is
only available for channel 3 after approximately the 3rd S'S"ptembef2005).

• That GLOBALSTAR's RLF rate nearly tripled dUJingJbe 4 day petipd of281h August t~.BtYmber
2005. --.. "'=-'-

•

•

That GLOBALSTAR's RLF rate for channel 8 is nearly identicalon<23 rd N'ovember, 3 weeks after the STA
expired, as it was on the 1st September, prior to the STA. -~

~

That GLOBALSTAR's RLF rate for channels 7 and 8, which arestill-shared with IRIDIUM partially or
entirely, respectively, increases overth~~eriod following t eex iral!2n of the STA.

The results of the test conducted by GLO!Th.LSTAltih>mOctober 27 to..oitober 31,2005, after
GLOBALSTAR channel 7 had been replaced with GL0B'kbSTAR channel 4. During this test period, the
RLF in Channel 4 were identical to the RLF in::cha~TI. In contrast,.RlF in Channel 8 continued to remain
high during this period'F0rr~November 1, Channela7 was brought"back in service to confirm the previously
observed perfol"lJ.Wlce oei.:'aoanon. The RLF in"tJJannel 7 returried to its high rate after it was switched with
Channel 4, and"the performance'tiid not match the superior performance of Channel 4 during the test period.

% RLF by CharHlel for Clifton GW Service area

e.G 8110 8117 SD4 &31 9q 9114 S'2"i sm 106 10l'!:1 ~n!19 10l2ii 11D 118 H/Hi

Oi)Y

I-C',3 -Ch4 ..... ·Ch 7 Cf,8]

Figure 1: % Rtf' by Channel for Clifton GW Service Area from 8/3 to 11123
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7 CONCLUSIONS

The studies show that:

In order to operate on a co-frequeny basis at full capacity, the German system COURIER has to use a
polarization orthogonal to GLOBALSTAR, and therefore the same as IRIDIUM.

The IRIDIUM satellite will suffer from harmful interference from a deployment of GLOBALSTAR
terminals during 45% of the time at best, which confirms the studies conducted by SE28 in 1998.

The IRIDIUM satellite will suffer from harmful interference from a deployment of COURIER terminals
during 100% of the time when operating on a co-polarization and co-frequency basis.

The GLOBALSTAR satellite will suffer from interference from IRIDIUM handsets, which mayor may not
exceed the defined protection criterion. This is dependant upon the assumptiari$.Jnade, including those
concerning the cross-polarisation isolation and the shielding due to the pro~iTjliWbfthe handheld terminal to
the human body. Table 6 gives (for a frequency reuse factor of 5) the pej;~ntage of time for which the
increase in noise+selfinterference exceeds 3% in all situations. The 6%1ncrease in noise criterion is

~L)i,

exceeded for 100% of time in the situations shown.

TABLE 6

% of time of harmful interference from IRIDIU.!):1:Terminals to GLOBALSTAR~!lite

Slope Human body Voice - Voice Illata Data - -
~- ............ ~.....

(dB) "O.~=. =-= -
1.605 0 0% ...Q%=,

~

0%
1.605 3 0% 0'%..... 0%
3 0 :'0.02 % 0.2 %===. 2%
3 3 100"%- 100%";;'~ 100 %

The COURIER system, operating on a co1)pla?'i'za.tiQ:ii:Jmd co-frequencylffi'Srs with the IRIDIUM system,
will suffer from harmful interference from a-maximumueployment ofT9MA terminals during 100% of the
time for all above cases.

The GLOBALSTaR.sateUltes.wili suffer fromUn~ceptable interference from IRIDIUM satellites
(irrespective o~e>polarisatii)n:hat is used) when~e IRIDIUM system is fully loaded, as shown in Table 7.

TABLE~7--
~\

Interference'fromIRIDIUM'satellites to GLOBALSTAR satellites

IRIDIUM"-"""'~Fre' uenc reuse Maximum increase in noise + % of time the 3% N+I"'0' _Ill! y ·••••='0.
~.Activity factor.......•md.= self interference * criterion is exceeded

_,,_:'·Yoice 12 '""""'~ .)v % 2.5 %
-<Voice 5 70 % 2.5 %

Data~ 5 3000 % 100 %
*There is a.t~fold incre~in noise against the 6% criterion during the same period of time

Unlike GLOB~STJ\R, the COURIER satellites are planned to operate in close proximity ofthe IRIDIUM
satellites. Although this case was not simulated, simple geometrical considerations show that the noise +
interference leyel in a COURIER channel will exceed the GLOBALSTAR case by far. Therefore the results
of Table 7 have to be considered as too optimistic for the COURIER system.
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ANNEX 1

Co-frequency interference from CDMA GLOBALSTAR into CDMA COURIER and vice versa if both systems are at capacity

."
....... ,. ...·'cc·+.

i
Interference from .intn Interference from Globalstar

Globalstar
.......

into Courier
••••••••••••••••••••••••••

·.. ·i.··.·.···.·.· ..··.'c~,
I

I ...•............

()..~I1Qgonal Same Orthogonal Same
polarization polarization polarization polarization

Frequency (MHz) 1618\ 1618 1618 1618
CDMA MSS system channel BW (kHz) ..•..... L<:.)V·••• · ••• 1230 1230 1230
Average CDMA transmit power per carrier (dBW)

·········•·····••·.•·•.•··i.·.·•.··.
I -10 -10 -10 -10

Number ofCDMA channels per carrier . •..... i. 49 ..•··· 49 40 40

Average CDMA transmit power per carrier (dBW)
· ..·i····· ..· '..' '.6;9 6,9 6,0 6,0

Terminal antenna gain (dBi) .. ..•.....•....
•••••

0 0 0 0

Number ofinterferening CDMA beams per CDMA.MSS system beam •••• 3 3 1 1
Aggregate EIRP per CDMA MSS beam and channettdBW) c.' •• •••••• 11,7 11,7 6,0 6,0
Typical range at 40 degree Elevation (km) ......• ......................... .... 1952 1952 1105 1105

Path loss (dB) .... . i•.'.·'· -162,4 -162,4 -157,5 -157,5
CDMA MSS satellite receive antennagail1(dBl)

..........••..............
16 16 16,8 16,8

Cross-polarization discrimination+fading + PoweriG{)ntrol (dB)) i..···. -17 0 -17 0
Interference per beam from •A users receive<.li:l:tCDMAN.1.f)~:§(ltelliteinput

-151,8 -134,8 -151,7 -134,7(dBW) .. ·····F··

CDMA MSS typical selfinterferel1C?e?plus thermal noise density (dBW/Hz) -192,4 -192,4 -192,4 -192,4
CDMA MSS typical selfinterferencepltisithermal noise in tile whole CDMA MSS band

-131,5 -131,5 -131,5 -131,5
(dBW)
Allowable % degradation due to external interference .>. 3% 3% 3% 3%
Actual degradation in self-interference plus :.,;;;;;:..... •,XC, 0,951% 47,656% 0,971% 48,651%


